Hepatitis E virus (HEV) is an RNA virus causing an acute generally self-limited disease in humans. An increasing number of autochthonous cases linked to zoonotic transmission of HEV genotype 3 have been reported over the last 10 years in Europe. Pigs and wild boars are considered the main reservoirs. The principal route of transmission in Europe is food-borne, linked by direct or indirect evidence to the consumption of raw or undercooked pork products and wild boar meat. In this study, we sampled 92 wild boar (Sus scrofa) livers during active surveillance in five municipalities in Central Italy throughout the hunting season 2016-2017. HEV RNA was detected in 52.2% of liver sampled with prevalence ranging from 0.0% to 65.7%. HEV-positive wild boars were detected in all but one area of hunting. Phylogenetic analysis showed that strains clustered within the two subtypes HEV-3c and HEV-3f and displayed a wide range of phylogenetic diversity. Several strains were circulating in the areas investigated; animals possibly belonging to the same family group hunted by the same team were infected with a unique strain (100% nucleotide identity). As wild animals are a proven source of HEV transmission to humans and pigs, the high prevalence observed (mean 52.2%) poses a question on the risk of consuming raw or undercooked wild boar meat, and thus, this subject deserves further investigations.
| INTRODUCTION
Hepatitis E is an acute viral disease caused by hepatitis E virus (HEV) and characterized by the faecal-oral route transmission (Kamar et al., 2017) . HEV is a nonenveloped single-strand RNA virus classified in the family Hepeviridae and the genus Orthohepevirus (Purdy et al., 2017) . The genus includes the Orthohepevirus A species divided into seven genotypes. The genotypes HEV-1 and HEV-2, restricted to humans, circulate in endemic area (Asia and Africa) causing several outbreaks linked to the ingestion of contaminated water. In nonendemic area (industrialized countries), infections by HEV-1 and HEV-2 are related to travel in endemic area.
Furthermore, in the last 10 years, an increasing number of autochthonous infections have been described linked to the zoonotic transmission of the genotypes HEV-3 and HEV-4 and are now increasingly recognized as endemic also in some developed regions.
HEV-3 and HEV-4 in industrialized countries are zoonotic and linked by direct or indirect evidence to the consumption of raw pork products (mainly liver sausages) and undercooked wild boar meat (Kamar et al., 2017) . The latter genotypes infect humans and several animal species among which pigs and wild boars are the main reservoirs (Ricci et al., 2017) . In the recent past, novel hosts of HEV-3 and HEV-4 have been described in rabbit and yak, respectively, and novel genotypes in wild boar (HEV-5, HEV-6) and camel (HEV-7) (Caruso, Modesto, Prato, et al., 2015; Lee et al., 2016; Smith et al., 2014; Takahashi et al., 2011; Woo et al., 2016) . In Europe, HEV-3 is the most frequently detected genotype in humans, pigs and wild boars. HEV-4, mainly found in Asia, was only recently detected in Italy in pigs and in one human case (Garbuglia et al., 2013; Monne et al., 2015) . The genotypes HEV-5 and HEV-6 have so far only been detected in Japanese boar (Sus scrofa leucomystax) (Takahashi et al., 2011) . The presence of HEV-3, the most common genotype in Europe, has been extensively described in pig populations, with high seroprevalence which increases with age (up to 100%) (Pavio, Doceul, Bagdassarian, & Johne, 2017) . The peak of infections in pigs is after the loss of maternal immunity: between 3 and 8 weeks of age, the virus is secreted on faeces and/or is detected in liver with prevalence ranging between 8 and 30% in weaners, 20% and 44% in growers and 8% and 73% fatteners/finishers . Wild boar is also susceptible to HEV infection, displaying seroprevalences ranging between 4.9% (Caruso, Modesto, Bertolini, et al., 2015) and 57.4% (Kukielka, Rodriguez-Prieto, Vicente, & Sánchez-Vizcaíno, 2016 ). Among European countries, different percentages of HEV RNA detection in liver samples were also reported ranging between 3.7% (Caruso, Modesto, Bertolini, et al., 2015) and 68.2% (Adlhoch et al., 2009 ). Wild boar HEV-positive animals were detected in each age classes, including juveniles of 4 months of age, and animals older than 24 months Sonoda et al., 2004) . In an interesting manner, a recent study described detection of HEV RNA in 89% of muscle sampled from wild boar HEV-positive in liver (Anheyer-Behmenburg et al., 2017) . In Italy, the prevalence of HEV in wild boar ranges between 1.5% from faeces and 1.9% up to 33.7% from liver or bile tested. This could be a regional difference or could also be partially linked to different specimens that have been tested (faeces, bile or liver). The Italian wild boar HEV strains were sequenced in short genome regions and classified into -3c, -3e, -3f subtypes and some strains for which the subtype could not be determined, confirming the high heterogeneity of HEV in wild boars (Aprea et al., 2017; Di Profio et al., 2016; Martelli et al., 2008; Martinelli et al., 2015; Mazzei et al., 2015; Montagnaro et al., 2015; Serracca et al., 2015) . In this study, we All spiked samples were positive for MuNoV, mean ± SD recovery rate of 12%± 8.2.
| RT-qPCR for HEV
The the Ct value obtained in negative control, where only water was added as template) and the Ct value for HEV was not detectable or was ≥39, the sample was considered to be negative.
Quantification of HEV genome equivalent (GE) was performed using a synthetic RNA reference standard (Di . The limit of detection (LOD) was 14 GE/μl calculated using ten-fold dilution series of known amount of HEV-specific RNA molecules and defined as the lowest dilution detectable in all 10 replicates.
| Limit detection of HEV RNA
One positive homogenated liver sample (prepared in PBS) was tenfold diluted and extracted as described above in M&M. The limit of detection, calculated as the lowest dilution with at least one positive of three triplicates, was 43.000 GE/g.
| Nested RT-PCR for HEV sequencing
The RNA (21 liver for the nested PCR, as previously described (Monini et al., 2015) . The nested RT-PCR amplified a 348-bp region within
Open Reading Frame 2 (ORF2) of HEV genome (Huang et al., 2002) . The DNA amplicons were sequenced by Eurofins Genomics (Germany).
| Phylogenetic analyses
Nucleotide sequence similarity was analysed with the BLAST server 
| DISCUSSION
In this study, the mean HEV RNA prevalence observed was 52.2%, significantly higher than in the previous studies conducted in Italy,
where HEV RNA was detected in 1.9% up to 33.7% of liver or bile collected from wild boars Serracca et al., 2015) .
The difference can be explained for several reasons, depending on sampling strategy, the age of the examined animals, duration of storage before analyses (Schielke et al., 2009) We suppose that this is due heterogeneity of strain sequences that we will investigate in the future.
According to the national and regional regulations, hunting on grounds is allowed from October to January. In the present study, animals were hunted during four months in five small areas, 20-50 km apart, separated by geographical barriers (Table 1) . Strains detected from animals hunted on the same day by the same team showed 100% nt. id. The other HEV strains detected were shown to be different both among the different hunting areas and within the same hunting area. This result is interesting because we are able to conclude that more strains were circulating but that animals belonging to the same family group shared one unique strain (100% nt. id.).
Wild boars hunted on the same day by the same hunting team may belong to the same family group, as except for the old males, wild boar live in groups consisting of interrelated females and their litters (Briedermann, 1986; Kaminski, Brandt, Baubet, & Baudoin, 2005) .
However, some studies reported aggregations of unrelated adult females (with their litters) in family group, mainly due to intensive hunting activity breaking down the structure of family groups (Brün & Keuling, 2008; Gabor, Hellgren, Van Den Bussche, & Silvy, 1999; Iacolina, 2009 (Morelle et al., 2015) . Furthermore, the geographical distances that separate the different sampling areas (e.g., areas A, B, C and areas E and Ḑ30 km between A and E, 20 km between D and E and15 km between C and D) are relatively far apart.
The age of animals was not available, but if we consider that the peak of births is in spring, we expect that during the hunting season (October-January) wild boars are older than 6 months. Wild boars of this age are those usually intended for human consumption. This result confirms previous findings that adult pigs showed a lower probability of infection while wild boars can be infected at different ages . This can be linked to the chronic infection described in wild boar (Schlosser, VinaRodriguez, Fast, Groschup, & Eiden, 2015) or continuous re-infection due to incomplete or short-lasting immunity (Anheyer-Behmenburg et al., 2017) .
In this study, we observed a median viral load of 10 7 GE/gr. This value is comparable to previous studies (Anheyer-Behmenburg et al., 2017; Kamar et al., 2017) . In the absence of in vitro cultivation, detection of HEV RNA does not confirm the viability of the virus.
However, the observed viral load in liver, that is the main site of virus replication, deserves attention as liver is also used to produce regional food specialties such as liver sausages that could be consumed raw.
This study confirmed a wide heterogeneity of sequenced wild boar HEV strains that belonged to at least two subtypes HEV-3c
and HEV-3f. The sequence analyses revealed that HEV-3c is frequent, as observed in other studies conducted in both Italy and Europe (Anheyer-Behmenburg et al., 2017; Aprea et al., 2017; Di Profio et al., 2016; Dorn-In et al., 2017; Rutjes et al., 2009 Rutjes et al., , 2010 Schielke et al., 2009; Serracca et al., 2015; Vina-Rodriguez et al., 2015) . In Italy, HEV-3c is less frequent detected in pigs, where the main subtypes are HEV-3f and HEV3-e. Eleven HEV strains detected from animals hunted in the border of area A and B shows nucleotide identity <86.5% with reference sequences HEV-3c and HEV-3-hi (Figure 2) , suggesting a possible local evolution but not allowing a definitive assignment to the subtypes known so far.
Furthermore, HEV strains sequenced in this study displayed higher nucleotide identity with human and wild boar strains than with HEV strains detected in pigs.
We observed a high nucleotide identity with a human strain detected in Italy linked to consumption of figatelli (raw pork liver sausages) (Garbuglia et al., 2015) . Human HEV infection after ingestion of uncooked liver and meat of wild boars was reported in Japan and Spain, respectively (Li et al., 2005; Rivero-Juarez et al., 2017) . In
Italy, one human case (Giordani, Fabris, Brunetti, Goblirsch, & Romanò, 2013 ) was supposed to be linked to wild boar meat consumption because the patient had never travelled outside Italy and declared to have consumed wild boar meat. In the same area, wild boar HEV strains related to those detected in the human case were also reported (Mazzei et al., 2015) . Wild boars might represent a source of autochthonous HEV transmission to humans in those regions where consumption of wild boar meat is common or where there is frequent contact between pigs and wild boars. Indeed, the transmission of HEV between domestic and wild swine has been clearly demonstrated (Thiry, Rose, et al., 2017) . Moreover, wild boars intended for human consumption are mainly captured by hunting and game meat follows a food chain different from pigs, where rules for food safety could be less strict. Furthermore, the exposure to wild boar carcasses could be a relevant source of risks for hunters (Schielke et al., 2015) . Our findings suggest that wild boar consumption and circulation of HEV in sylvatic populations deserve further investigation and special attention by wildlife managers, veterinarian and hunters.
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